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1

HIGH PRECISION BONDING APPARATUS
COMPRISING HEATER

FIELD OF THE INVENTION

The present invention generally relates to a bonding
apparatus having a bond head collet with a look-through
passage therethrough for viewing an electrical component

held by the bond head collet.

BACKGROUND OF THE INVENTION

The fabrication of a semiconductor device often involves
a bonding process during which, an electrical component 1s
attached to a bonding area of a base member using a
securing material. For example, the electrical component
may be a die, the base member may be a substrate, and the
securing material may be an adhesive such as epoxy. A
bonding process 1s usually performed with a bonding appa-
ratus including a bond head collet. The bond head collet
picks up an electrical component from a component holder,
for example a waler or waler tray, and then places the
clectrical component 1n contact with a base member on
which securing material has been dispensed. Bond forces are
then exerted on the electrical component to urge the elec-
trical component against the base member to complete the
bonding process. The bond forces are typically exerted over
a certain period of time. During this period of time, heat may
be applied to the securing material to change a state of the
securing material, so that the securing material 1s capable of
holding the electrical component and the base member
together.

Occasionally, the electrical component may not be
aligned with the bonding area of the base member during the
bonding process. This can aflect the quality of the semicon-
ductor device eventually formed.

Methods to align the electrical component with the bond-
ing area ol the base member prior to the bonding process
have been developed. Some of these methods use fiducial
marks commonly found on electrical components to deter-
mine the positions and orientations of the electrical compo-
nents relative to corresponding bonding areas. For example,
images showing the fiducial marks of the electrical compo-
nent may be captured and used to determine the position
and/or orientation of the electrical component. The electrical
component may then be adjusted accordingly using the
captured 1mages for alignment of the electrical component
with the bonding area.

In general, images of fiducial marks on the electronic
component are captured prior to 1ts pick-up by the bond head
collet. Due to the location of the bond head collet in typical
bonding apparatuses, 1t 1s usually diflicult to capture an
image that clearly shows the fiducial marks of the electrical
component when 1t 1s being held by the bond head collet.
Further, several currently available methods for aligning
clectrical components with corresponding bonding areas can
only be employed for electrical components of a specific
s1ze or electrical components having fiducial marks arranged
in a specific pattern.

SUMMARY OF THE INVENTION

The present invention aims to provide a new and useful
bonding apparatus.

In general terms, the present invention proposes a bond-
ing apparatus with a look-through passage through the bond
head collet to allow an optical unit to directly view an
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clectrical component held by the bond head collet through
the look-through passage when the bond head collet 1s above
a bonding area.

Specifically, a first aspect of the present invention 1s a
bonding apparatus including: a bond head structure 1nclud-
ing: a bond head collet configured to hold an electrical
component to be bonded to a bonding area of a base
member; a connecting unit to which the bond head collet 1s
attached; and a look-through passage extending through the
bond head collet and the connecting unit along a central axis
of the bond head structure; an optical unmit positioned relative
to the bond head structure to view and 1nspect the electrical
component through the look-through passage of the bond
head structure; and an actuator unit configured to move the
connecting unit of the bond head structure based on the
inspection of the electrical component by the optical unit, to
align the electrical component with the bonding area of the
base member.

In the above bonding apparatus, the optical unit first
captures 1mages of fiducial marks on the base member, and
the bond head collet that has picked up an electronic
component moves to a position above a bonding area of the
base member. The look-through passage extending through
the connecting unit and the bond head collet along the
central axis of the bond head structure may allow an
electrical component held by the bond head collet to be
better viewed by the optical unit. Accordingly, direct inspec-
tion of the electrical component may be performed and
improved alignment of the electrical component with the
bonding area of the base member can be achieved. Both the
ispection of fiducial marks on the base member and on the
clectronic component are viewed by the optical umt at
essentially the same vertical position. This in turn helps to
minimise the movement of the bond head collet and the
optical unit, to thereby improve the accuracy of the bonding
process. Thus, the quality of the bond between the electrical
component and the bonding area can be improved.

The look-through passage may include at least one slot.
This helps to simplify the design process 1 the orientations
and positions of the fiducial marks on both the base member
and the electronic components are well-defined. The look-
through passage may also include a plurality of slots radially
arranged around the central axis. The plurality of slots may
be arranged with a same angle between adjacent slots.

The look-through passage may include a first portion
including the at least one slot and a second portion including
a circular aperture, wherein the second portion may be
nearer to the optical unit than the first portion. By having the
look-through passage include a circular aperture, the view of
the electrical component by the optical unit may be less
allected by slight misalignments between the first and sec-
ond portions during the fabrication process. In addition,
tabrication of the bonding apparatus may also be easier with
the circular aperture, since such an aperture may be more
casily formed as compared to the at least one slot.

The connecting unit may include a plurality of central
apertures substantially aligned to form the look-through
passage ol the bond head structure, where each central
aperture may have a transverse width perpendicular to the
central axis, and at least two of the transverse widths of the
central apertures may be different. For example, the trans-
verse widths of the central apertures may decrease at further
distances away Ifrom the optical unit. In this manner, the
light path for eflective mspection of fiducial marks on the
clectronic component by the optical umt will not be blocked
by any parts situated along the central apertures. Further-
more, the smaller the transverse width of the central aper-
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tures, the larger the contact area between the adjoining parts.
This will assist in improving heat transfer and force trans-
mission during the bonding process.

At least two of the central apertures of the connecting unit
may include cross-sections with a same shape, where the
cross-sections may be perpendicular to the central axis. This
can simplify the fabrication process of the bonding appara-
tus.

At least two of the central apertures of the connecting unit
may include cross-sections perpendicular to the central axis
with different shapes. The view of the electrical component
by the optical unit may be less affected by slight misalign-
ments between the central apertures having cross-sections
with different shapes during the fabrication process.

The bond head collet may include at least one fiducial
aperture that 1s substantially aligned with the central aper-
tures of the connecting unit to form the look-through pas-
sage of the bond head structure. The at least one fiducial
aperture may comprise at least one cut-out from the bond
head collet that 1s aligned with and shightly larger than one
or more fiducial marks formed on the electrical component
that are viewable through the central apertures. This can
simplity the fabrication process of the bonding apparatus.

The electrical component may include a surface having a
fiducial mark thereon, and the look-through passage may be
configured to allow the optical unit to view and 1nspect the
fiducial mark through the look-through passage. This may
allow the fiducial mark to be used for the alignment between
the electrical component and the bonding area of the base
member.

The look-through passage may be configured to allow the
optical unit to view and 1nspect the fiducial mark such that
a boundary of the look-through passage 1s arranged at least
partially around the fiducial mark. For example, the look-
through passage may include a slot and may be configured
to allow the optical unit to view and 1nspect the fiducial mark
at an end of the slot. This can help facilitate the locating of
the fiducial mark 1n the view of the electrical component by
the optical unait.

The fiducial mark may be a first fiducial mark and the
surface of the electrical component may include a second
fiducial mark thereon, and the look-through passage may
include a plurality of slots and may be configured to allow
the optical unit to view the first and second fiducial marks of
the electrical component through different slots. This can
help facilitate the locating of each fiducial mark 1n the view
of the electrical component by the optical unit, and thus,
both fiducial marks can be used for aligning the electrical
component with the bonding area of the base member. A
more accurate alignment may thus be achieved.

The connecting unit may include an adaptor member to
which the bond head collet 1s attached and an actuating
member attached between the adaptor member and the
actuator unit. The adaptor member may serve as a holder for
various components to be used for the bonding process. The
actuating member may be attached to more actuator units as
compared to the bond head collet, and hence, a greater
degree of freedom 1n the movement of the bond head collet
may be achieved by using the actuating member.

The connecting unit may include a heating unit configured
to provide heat during bonding of the electrical component
to the bonding area of the base member. By configuring the
look-through passage to extend through the connecting unit
(including the heating unit), the bonding apparatus can not
only achieve better alignment of the electrical component
with the bonding area of the base member, but also heating,
of the electrical component during the bonding process.
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The heating unit may include a plurality of heating
clements arranged along a boundary of the look-through
passage. For example, the look-through passage may include
a plurality of slots and each heating element may be
arranged between adjacent ones of the slots. Each heating
clement may include a first edge substantially parallel to one
of the slots between which the heating element 1s arranged,
and a second edge substantially parallel to the other one of
the slots between which the heating element 1s arranged.
This helps to reduce the size of the connecting unit, and thus,

the size of the bonding apparatus. It also helps to improve
the evenness of the heating surface and hence, the bonding

quality.

BRIEF DESCRIPTION OF THE FIGURES

Embodiments of the invention will now be illustrated for
the sake of example only with reference to the following
drawings, in which:

FIGS. 1A, 1B, 1C respectively show a perspective view,
a top view and a side view of a bonding apparatus according
to an embodiment of the present invention, FIG. 1D shows
a cross-sectional view of the bonding apparatus of FIGS. 1A
to 1C, and FIG. 1E shows a top view of a part of the bonding
apparatus of FIGS. 1A to 1C;

FIGS. 2A to 2H show side views illustrating a method of
using the bonding apparatus of FIGS. 1A to 1E, wherein
FIG. 2A shows the bonding apparatus arranged above a
bonding area, FIG. 2B shows the bonding apparatus moving
towards an electrical component, FIG. 2C shows the bond-
ing apparatus being aligned with the electrical component,
FIG. 2D shows the bonding apparatus moving to pick up the
clectrical component, FIG. 2E shows the bonding apparatus
locating the electrical component over the bonding area,
FIG. 2F shows the electrical component being aligned by the
bonding apparatus, FIG. 2G shows the bonding apparatus
moving towards the bonding area, and FIG. 2H shows the
clectrical component being bonded at the bonding area;

FIG. 3A shows a top view of a part of the bonding
apparatus ol FIGS. 1A to 1E and an electrical component
held by the bonding apparatus, and FIG. 3B shows a
magnified view of a portion of FIG. 3A; and

FIG. 4 shows a top view of a part of the bonding apparatus

of FIGS. 1A to 1E, and how a bond head collet of the
bonding apparatus may be adjusted.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

L1

FIGS. 1A, 1B and 1C respectively show a perspective
view, a top view and a side view of a bonding apparatus 100
according to an embodiment of the present invention. FIG.
1D shows a cross-sectional view of the bonding apparatus
100 along the line A-A' of FIG. 1B.

The bonding apparatus 100 includes a bond head structure
102, a first optical unit 104 and a second optical unit 105. As
shown 1n FIGS. 1A and 1C, the first optical unit 104 1s
positioned above the bond head structure 102 and the second
optical unit 105 1s connected to the bond head structure 102
via a connecting element 106. For simplicity, the first optical
unit 104 1s not shown 1n FIGS. 1B and 1D.

The bond head structure 102 includes a bond head collet
108 configured to hold an electrical component (for
example, a die) to be bonded to a bonding area of a base
member (for example, a substrate). The bond head collet 108
1s formed of opaque material and also serves as a pick-up
tool for picking up the electrical component from a compo-
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nent holder prior to the bonding process. The bond head
structure 102 further includes a connecting unit 110 attached
to the bond head collet 108. As shown 1n FIG. 1D, the bond
head structure 102 includes look-through passage, which
may be 1n the form of a cavity 112 extending through the
bond head collet 108 and the connecting umt 110 along a
central axis 114 (Z axis) of the bond head structure 102.

Referring to FIG. 1D, the connecting unit 110 includes an
adaptor member 116 attached to the bond head collet 108.
The adaptor member 116 includes first, second and third
adaptor member portions 1161, 1162, 1163. The first adaptor
member portion 1161 1s attached to the bond head collet 108,
the second adaptor member portion 1162 1s attached to the
first adaptor member portion 1161 and the third adaptor
member portion 1163 1s attached to the second adaptor
member portion 1162. Connectors (not shown 1n the figures)
are provided to attach the bond head collet 108 to the adaptor
member 116 and these connectors are removable to change
the bond head collet 108 to a different type for holding a
different type of electrical component.

FIG. 1E shows a top view of the first adaptor member
portion 1161, together with the bond head collet 108.

As shown 1 FIG. 1E, the first adaptor member portion
1161 includes a support element 1170 and a central aperture
1171 extending through the support element 1170 along the
central axis 114. The central aperture 1171 forms part of the
cavity 112. The central aperture 1171 includes a cross-
section (perpendicular to the central axis 114) that 1s cross-
shaped. In particular, the central aperture 1171 includes a
plurality of slots including a first slot 11714, a second slot
11715, a third slot 1171¢ and a fourth slot 11714d. The slots
1171a-1171d are symmetrically arranged about X and Y
axes perpendicular to the central axis 114. More specifically,
the slots 1171a-1171d are radially arranged around the
central axis 114 with a same angle between adjacent slots
1171a-1171d. The first slot 1171a 1s arranged diametrically
opposed to the third slot 1171¢ with respect to the central
axis 114, and the second slot 11715 1s arranged diametrically
opposed to the fourth slot 11714 with respect to the central
axis 114. As shown 1n FIG. 1FE, the slots 1171a¢-1171d are
jo1ined to a substantially circular middle portion 1171e of the
central aperture 1171.

A heating unit 1164 1s provided within the first adaptor
member portion 1161 of the adaptor member 116. The
heating unit 1164 1s configured to provide heat during
bonding of the electrical component to the bonding area of
the base member. Referring to FIG. 1E, the heating unit 1164
includes a plurality of heating elements including a first
heating element 1164a, a second heating element 11645, a
third heating element 1164¢ and a fourth heating element
11644 arranged around a boundary of the central aperture
1171 of the first adaptor member portion 1161. Each heating
clement 1164a-1164d 1s arranged between adjacent ones of
the slots 1171a-1171d of the central aperture 1171. In
particular, the first heating eclement 1164a 1s arranged
between the first slot 1171a and the second slot 11715, the
second heating element 11645 1s arranged between the
second slot 11715 and the third slot 1171¢, the third heating
clement 1164c¢ 1s arranged between the third slot 1171¢ and
the fourth slot 11714, and the fourth heating element 1164d
1s arranged between the fourth slot 11714 and the first slot
1171a. As shown 1 FIG. 1E, each heating element 1164a-
11644 has a substantially square shape and 1s oriented with
respect to the slots 1171a-1171d of the central aperture 1171,
such that each heating element 11644a-1164d 1includes a first
edge substantially parallel to one of the slots 1171a-1171d
between which the heating eclement 1164a-1164d 1s
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arranged, and a second edge substantially parallel to the
other one of the slots 1171a-1171d between which the
heating element 1164a-11644 i1s arranged. Further, each
heating element 1164a-1164d 1s sized such that the first and
second edges are approximately a same length as the slots
1171a-1171d between which the heating element 1164a-
11644 1s arranged. Conductive lines 1166 in the form of
clectrical wires are connected to each heating eclement
1164a-1164d to supply power to the heating element 1164a-
11644. Further, a connector 1168 1n the form of a screw
secures approximately a centre of each heating element
1164a-1164d to the support element 1170.

As shown in FIG. 1E, the bond head collet 108 also
includes a plurality of cut-out apertures 109, such as a
central aperture 109a extending therethrough along the
central axis 114, and first and second fiducial apertures 1095,
109c¢ that are located at positions corresponding to fiducial
marks 204a, 2045 that are formed on the electrical compo-
nent that 1s picked up. Each fiducial aperture 1095, 109¢ 1s
slightly larger than a respective fiducial mark 204a, 2045
that 1t corresponds to. The fiducial apertures 1095, 109c
allow the first optical unit 104 to directly inspect the
clectrical component while maximizing heat and force trans-
mission through the bond head collet 108. The bonding
apparatus 100 1s designed in such a way that the fiducial
marks 204a, 2045 on the electrical component and the
fiducial apertures 1095, 109¢ are aligned with the orientation
of the central aperture 1171.

Reterring to FIG. 1E, the central aperture 1171 of the first
adaptor member portion 1161 has a transverse width 1171f
perpendicular to the central axis 114. As shown 1n FIG. 1E,
the fiducial apertures 1095, 109¢ of the bond head collet 108
are substantially aligned with the central aperture 1171 of
the adaptor member 116. Accordingly, the first and second
fiducial apertures 1095, 109¢ are respectively positioned
within the second and fourth slots 117154, 1171d of the
central aperture 1171. The central aperture 109a 1s also
positioned within the middle portion 1171e of the central
aperture 1171.

Retferring to FIG. 1D, the second and third adaptor
member portions 1162, 1163 also include central apertures
1172, 1173 extending through them along the central axis
114. The central apertures 1172, 1173 of the second and third
adaptor member portions 1162, 1163 are substantially simi-
lar to the central aperture 1171 of the first adaptor member
portion 1161. In other words, each of the central apertures
1172, 1173 of the second and third adaptor member portions
1162, 1163 also includes a cross-section (perpendicular to
the central axis) that i1s cross-shaped. Further, each central
aperture 1172, 1173 also includes a same number of slots
and a middle portion, and these slots and middle portions are
shaped and arranged in a similar manner as those of the
central aperture 1171 of the first adaptor member portion
1161. The transverse width (perpendicular to the central axis
114) of the central aperture 1173 of the third adaptor member
portion 1163 1s greater than the transverse width (perpen-
dicular to the central axis 114) of the central aperture 1172
of the second adaptor member portion 1162, which 1s 1n turn
greater than the transverse width (perpendicular to the
central axis 114) of the central aperture 1171 of the first
adaptor member portion 1161. The central apertures 1171,
1172, 1173 of the first, second and third adaptor member
portions 1161, 1162, 1163 are substantially aligned with one
another.

The connecting umt 110 further includes an actuating
member 118 1n the form of a rotary shait attached to the
adaptor member 116. Accordingly, the actuating member
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118 1s connected to the bond head collet 114 by the adaptor
member 116. The actuating member 118 includes a first
actuating member portion 1181 and a second actuating
member portion 1182 arranged above the first actuating
member portion 1181 nearer to the first optical unit 104. The
actuating member 118 further includes a recess 1181a
around an outer surface of the first actuating member portion
1181. In addition, an extension 1183 protrudes from an outer
surface of the second actuating member portion 1182 around
a top of this portion 1182.

As shown 1n FIG. 1D, each of the first and second
actuating member portions 1181, 1182 of the actuating
member 118 has a hollow cylindrical structure including a
respective central aperture 1191, 1192 extending there-
through along the central axis 114. The central aperture 1191
of the first actuating member portion 1181 also includes a
cross-section (perpendicular to the central axis 114) with a
same shape as the cross-sections (perpendicular to the
central axis 114) of the central apertures 1171, 1172, 1173 of
the first, second and third adaptor member portions 1161,
1162, 1163. In other words, the cross-section of the central
aperture 1191 of the first actuating member portion 1181 1s
also cross-shaped and includes a same number of slots and
a middle portion that are shaped and arranged in a similar
manner as the central apertures 1171, 1172, 1173. On the
other hand, the central aperture 1192 of the second actuating
member portion 1182 has a substantially circular cross-
section (perpendicular to the central axis 114). The central
apertures 1191, 1192 of the first and second actuating
member portions 1181, 1182 are substantially aligned, in
other words, the centers of these apertures 1191, 1192 lic
along a same vertical axis (the central axis 114). However,
the transverse width perpendicular to the central axis 114 (or
in other words, the diameter) of the circular central aperture
1192 of the second actuating member portion 1182 1s greater
than the transverse width perpendicular to the central axis
114 of the cross-shaped central aperture 1191 of the first
actuating member portion 1181.

As described above, the connecting umt 110 includes a
plurality of central apertures 1171, 1172, 1173, 1191, 1192 of
the adaptor member portions 1161, 1162, 1163 and the
actuating member portions 1181, 1182. These central aper-
tures 1171, 1172, 1173, 1191, 1192 are substantially aligned
with one another to form the cavity 112. In particular, the
centres of these apertures 1171, 1172, 1173, 1191, 1192, 109
lie along a same vertical axis (the central axis 114). How-
cver, the transverse widths of the central apertures 1171,
1172, 1173, 1191, 1192 are diflerent and decrease away from
the first optical unit 104. The cross-shaped central apertures
1171, 1172, 1173, 1191 of the adaptor member portions
1161-1163 and the first actuating member portion 1181 form
a first portion of the cavity 112. The first to fourth slots (e.g.
slots 1171a-1171d) of these cross-shaped central apertures
1171, 1172, 1173, 1191 are substantially aligned to form the
first to fourth slots of the cavity 112 respectively. The
circular central aperture 1192 of the second actuating mem-
ber portion 1182 forms a second portion of the cavity 112
that 1s nearer the first optical unit 104 than the first portion
of the cavity 112. In other words, the cavity 112 includes a
cut-out cross-slot and a circular aperture above this cross-
slot.

The bond head structure 102 further includes an actuator
unit 120 1n the form of a rotational motor. The actuator unit
120 has a stationary element 1201 in the form of a stationary
magnet and a movable element 1202 in the form of a
movable coil, although 1t should be appreciated that the
design may instead comprise a stationary coil that is
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arranged outside a movable magnet. The stationary and
movable elements 1201, 1202 of the actuator unit 120 have
hollow cylindrical structures with cylindrical apertures. The
movable element 1201 1s arranged within the cylindrical
aperture ol the stationary element 1202 and the second
actuating member portion 1182 extends within the cylindri-
cal aperture of the movable element 1202. The actuator unit
120 1s configured to rotate the actuating member 118 (and
hence, the adaptor member 116 and the bond head collet
108) about the central axis 114. In particular, the movable
clement 1202 of the actuator unit 120 1s connected to the
actuating member 118 (more specifically, to the second
actuating member portion 1182 and the extension 1183), and
the actuator unit 120 can be actuated to rotate 1ts movable
clement 1202 (together with the actuating member 118
connected to 1t) about the central axis 114 relative to 1ts
stationary element 1201.

The bond head structure 102 further includes an actuator
casing 122 1n the form of a stationary bracket on which the
stationary element 1201 of the actuator umt 120 i1s con-
nected. The actuator casing 122 has a cylindrical structure
with a cylindrical aperture through which the actuating
member 118 extends. The actuator casing 122 1s spaced
apart from the actuating member 118. A recess 122a 1s
provided around an mner surface of the actuator casing 122
and 1s arranged to face the recess 1181q of the first actuating
member portion 1181, with the top of these recesses 122a,
1181a aligned.

A complant element 124 having a ring structure 1is
provided between the first actuating member portion 1181 of
the actuating member 118 and the actuator casing 122. In
particular, the compliant element 124 1s arranged around the
first actuating member portion 1181 and is in the form of a
compliant air bearing having a compliant compartment with
a thin film of compressed air acting as a compliant layer. The
actuating member 118 1s movable along the central axis 114
relative to the compliant element 124 and the compliant
clement 124 serves to reduce the frictional force against this
movement. Further, the compliant element 124 1s compress-
ible by rotation of the actuating member 118 about the X and
Y axes perpendicular to the central axis 114. For example,
when a moment force 1s exerted on the actuating member
118, the actuating member 118 can rotate about the X or Y
axis perpendicular to the central axis 114 by compressing the
compliant element 124. However, the compliant compart-
ment of the compliant element 124 also has a degree of
stiflness such that only a limited portion of 1t 15 compress-
ible. Accordingly, the degree of rotation of the actuating
member 118 about the X and Y axes perpendicular to the
central axis 114 1s limited.

As shown in FIGS. 1A to 1D, a cover 126 1s provided over
the actuating member 118. Referring to FIG. 1B, the cover
126 includes a plurality of circular recesses 1261, together
with respective first engaging elements 1262 provided
therein. A plurality of second engaging elements 1263
extend through the cover 126 as shown in FIG. 1D. The
circular recesses 1261 and the second engaging elements
1263 are arranged in an alternating manner around a top
surface of the cover 126. Referring to FIG. 1D, the cover 126
1s arranged to sit on the extension 1183 of the actuating
member 118. The cover 126 includes lower and upper inner
surfaces 1264, 1265. The upper mnner surface 12635 defines
a cylindrical aperture 1365, whereas the lower inner surface
1264 tapers towards the upper inner surface 1265 and
defines a frusto-conical aperture 1364. A top of this frusto-
conical aperture 1364 1s aligned with the cylindrical aperture

1365 defined by the upper inner surface 1265. Further, the
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apertures 1364, 1365 of the cover 126 are aligned with the
cavity 112 of the bond head structure 102 to form a hole
through the bonding apparatus 100 to allow the first optical
unit 104 to look through the bonding apparatus 100.

The bond head structure 102 further includes an encoder
clement 128 in the form of a theta encoder and a guide
clement 130 in the form of a theta encoder scale. The
encoder element 128 1s fixed in position adjacent to the
cover 126 and the guide element 130 1s attached to an outer
surface of the cover 126, such that 1t faces the encoder
clement 128. The encoder eclement 128 1s configured to
cooperate with the guide element 130 to determine a rota-
tional displacement of the cover 126 (and hence, of the bond
head collet 108 connected to the cover 126 by the connecting
unit 110) relative to the X axis. The rotational displacement
may be 1n the form of an angle theta measured with respect
to the X axis.

FIGS. 2A to 2H show side views illustrating a method of
using the bonding apparatus 100 according to an embodi-
ment of the present invention.

Referring to FIG. 2A, the bonding apparatus 100 1s
initially arranged with the bond head structure 102 at a {first
position above a base member 202. The bond head structure
102 1s positioned relative to the first optical unit 104 to allow

the first optical unit 104 to view a bonding area of the base
member 202 through the hole (formed by the cavity 112 and

the apertures 1364, 1365 of the cover 126). When the bond
head structure 102 1s at this first position, the second optical
unit 105 1s above an electrical component 204 to be bonded
to the bonding area of the base member 202, with the
clectrical component 204 arranged on a component holder.
As 1ndicated by the arrow 206, a first image showing the
bonding area of the base member 202 1s captured by the first
optical unit 104 and as indicated by the arrow 208, a second
image showing the electrical component 204 on the com-
ponent holder 1s captured by the second optical unit 105.

Referring to FIG. 2B, as indicated by the arrow 210, the
bonding apparatus 100 1s then moved by a further actuator
unit such as a XY motion table (not shown 1n the figures) to
a second position where the bond head structure 102 1is
above the electrical component 204 on the component
holder.

Referring to FIG. 2C, when the bonding apparatus 100 1s
at the second position, the bond head collet 108 1s adjusted
to align the bond head collet 108 with the electrical com-
ponent 204 on the component holder. In particular, the bond
head collet 108 1s adjusted by rotating the actuating member
118 about the central axis 114 using the actuator unit 120 (as
indicated by the arrow 212¢), moving the bond head struc-
ture 102 along an X direction perpendicular to the central
axis 114 using the further actuator unit (as indicated by the
arrow 212x) and/or moving the bond head structure 102
along a Y direction perpendicular to the central axis 114
using the further actuator unit (as indicated by the arrow
212y). The amount of adjustment to be made to the bond
head collet 108 1s determined using the above-mentioned
second 1mage captured by the second optical unit 105.

Referring to FI1G. 2D, the turther actuator unit then moves
the bond head structure 102 towards the component holder
(as indicated by the arrow 214). The bond head collet 108 1s
thus moved towards the component holder to pick up the
clectrical component 204 from the component holder.

Referring to FIG. 2E, the further actuator unit then moves
the bond head structure 102 (with the bond head collet 108
holding the electrical component 204) back to the first
position above the base member 202 as indicated by the
arrow 216. When the bond head structure 102 1s at this first
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position, the first optical unit 104 1s positioned relative to the
bond head structure 102 to view the electrical component

204 through the hole (formed by the cavity 112 and the
apertures 1364, 13635 of the cover 126) of the bond head
structure 102. As indicated by the arrow 218, the first optical
unit 104 then captures a third image showing the electrical
component 204 held by the bond head collet 108 above the
base member 202.

FIG. 3A shows a top view of the first adaptor member
portion 1181 and the bond head collet 108, together with the
clectrical component 204 held by the bond head collet 108
when the bond head structure 102 1s at the first position as
shown 1 FIG. 2E. FIG. 3B shows a magnified view of a
portion 302 of FIG. 3A.

Retferring to FIGS. 3A and 3B, the electrical component
204 includes a surface (facing the bond head collet 108)
having a first fiducial mark 204a and a second fiducial mark
2045 (in the form of fiducial marks) thereon. The cavity 112
1s configured to allow the first optical unit 104 to view the
first and second fiducial marks 204a, 2045 through the
cavity 112. In particular, the cavity 112 1s configured to
allow the first optical unit 104 to view the fiducial marks
204a, 204 such that a boundary of the cavity 112 1is
arranged partially around each mark 204a, 2045. As shown
in FIG. 3A, the cavity 112 1s configured to allow the first
optical unit 104 to view the first fiducial mark 204q at the
end of the second slot of the cavity 112 (or more specifically,
at the first fiducial aperture 1095 of the bond head collet 108)
and the second fiducial mark 2045 at the end of the fourth
slot of the cavity 112 (or more specifically, at the second
fiducial aperture 109¢ of the bond head collet 108). Accord-
ingly, the third image captured by the first optical umt 104
shows the fiducial marks 204a, 2045 of the electrical com-
ponent 204 within the second and fourth slots of the cavity
112 respectively.

Occasionally, the electrical component 204 on the com-
ponent holder may be misaligned. The positions of the
fiducial marks 204a, 2045 of this electrical component 204
may be determined using the second image captured by the
second optical unit 105, and the bond head collet 108 may
be adjusted accordingly as shown i FIG. 2C to align the
bond head collet 108 with the electrical component 204, so
that the fiducial marks 204a, 2045 are at the above-described
positions. Further, the electrical component 204 may some-
times be diflerent from that shown 1n FIG. 3. For example,
it may be of a different size and/or may include a different
number of fiducial marks arranged in a different manner.
Prior to picking up this different electrical component 204,
the bond head collet 108 may be adjusted using the positions
of the fiducial marks shown in the second 1mage, so that the
first optical unit 104 can subsequently view the fiducial
marks of the different electrical component 204 as lying
within the cavity 112.

Reterring to FIG. 2F, after the bond head structure 102 1s
moved to the first position above the base member 202, the
actuator unit 120 and/or the further actuator unit are actuated
to move the connecting unit 110 based on the view of the
clectrical component 204 by the first optical unit 104 (or 1n
other words, based on the third image). This adjusts the bond
head collet 108 to align the electrical component 204 held by
the bond head collet 108 with the bonding area of the base
member 202. In particular, although the first optical unit 104
1s only able to view a portion of the electrical component
204 (and not the entire electrical component 204) through
the cross-slot of the cavity 112, this visible portion of the
clectrical component 204 includes the fiducial marks 204a,
204H and thus, the third image captured by the first optical
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unit 104 shows the fiducial marks 204a, 2045. The position
and orientation of the electrical component 204 relative to
the bonding area can thus be determined by comparing the
positions of the fiducial marks 204a, 2045 1n the third 1image

against the bonding area in the first image. An amount of 5

adjustment to be made to the bond head collet 108 can then
be determined accordingly, and the bond head collet 108 1s
adjusted by this amount of adjustment using the actuator 120
and/or the further actuator unait.

FIG. 4 shows a top view of the first adaptor member
portion 1161 and the bond head collet 108, together with
arrows 402, 404, 406 indicating how the bond head collet
108 can be adjusted using the actuator unit 102 and the
further actuator unit. As shown 1n FIG. 2F and FIG. 4, the
actuator unit 120 1s operative to rotate the connecting unit
110 (and thus the bond head collet 108 and the electrical
component 204) about the central axis 114 as indicated by
the arrows 220¢ in F1G. 2 and the arrows 4027 in FI1G. 4. The
turther actuator unit 1s operative to move the bond head
structure 102 (and thus the bond head collet 108 and the
clectrical component 204) mm X and Y directions perpen-
dicular to the central axis 114 as indicated by the arrows
220x, 220y 1n FIG. 2 and the arrows 402x, 402y 1n FIG. 4.
During adjustment of the bond head collet 108, the encoder
clement 128 and the guide element 130 are used to deter-
mine the amount of rotational displacement of the bond head
collet 114 relative to the X axis, whereas other encoder
clements and guide elements (not shown in the figures) may
be used to determine the displacement of bond head struc-
ture 102 1n the X and Y directions.

Referring to FIG. 2G, the further actuator unit then moves
the bond head structure 102 towards the base member 202
as indicated by the arrow 222 to contact the electrical
component 204 with the bonding area of the base member
202.

Referring to FI1G. 2H, the electrical component 204 1s then
bonded with the bonding area of the base member 202.
During the bonding process, bond forces (of either low or
high magnitudes) are exerted on the electrical component
204 and power 1s supplied to the heating elements 1164a-
11644 using the conductive lines 1166 so as to provide heat
to the electrical component 204.

Various modifications may be made to the above-de-
scribed embodiments.

For example, the cavity 112 need not include central
apertures 1171, 1172, 1173, 1191, 1192 having different
transverse widths. Instead, the cross-section of the cavity
112 may have a same dimension throughout the cavity’s 112
length. Alternatively, only some (e.g. two) of the central
apertures 1171, 1172, 1173, 1191, 1192 may have different
transverse widths, whereas the remaining ones of the central
apertures 1171, 1172, 1173, 1191, 1192 may have the same
transverse width.

Further, although the cavity 112 1s described above as
having a first portion with the circular aperture 1192 and a
second portion with the cross-shaped apertures 1171, 1172,
1173, 1191, 1n alternative embodiments, the cavity 112 may
have a cross-section that 1s of a same shape throughout the
cavity’s 112 length. Alternatively, only some (e.g. two) of
the central apertures 1171, 1172, 1173, 1191, 1192 may have
differently shaped cross-sections, whereas the remaining
ones of the central apertures 1171, 1172, 1173, 1191, 1192
may have cross-sections of the same shape.

In addition, although the cavity 112 is described above as
having four slots (including slots 1171a-1171d), the cavity
112 may not include any slot 1n alternative embodiments, or
may alternatively include more than or less than four slots.
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The arrangement of the slots of the cavity 112 may also
differ from that described above. For example, the slots need
not be arranged radially around the central axis 114 and/or
the angle between adjacent slots need not be the same.

Also, the compliant element 124 need not be 1n the form
of a compliant air bearing and may for example, be 1n the
form of a compliant roller ball bearing which uses ball
rollers arranged within a compliant compartment.

Further, the connecting unit 110 need not include both the
actuating member 118 and the adaptor member 116. In some
embodiments, the actuating member 118 may be omitted
and the actuator unit 120 may be directly attached to the
adaptor member 116 to move the adaptor member 116 and
the bond head collet 108.

The invention described herein 1s susceptible to varia-
tions, modifications and/or additions other than those spe-
cifically described and 1t 1s to be understood that the inven-
tion 1ncludes all such wvariations, modifications and/or
additions which fall within the spirit and scope of the above
description.

The mvention claimed 1s:
1. A bonding apparatus comprising:
a bond head structure comprising:

a bond head collet configured to hold an electrical
component to be bonded to a bonding area of a base
member;

a connecting unit to which the bond head collet is
attached; and

a look-through passage extending through the bond
head collet and the connecting unit along a central
axis of the bond head structure:

an optical unit positioned relative to the bond head

structure to view and inspect the electrical component
through the look-through passage of the bond head

structure; and

an actuator unit configured to move the connecting unit of
the bond head structure based on the inspection of the
clectrical component by the optical unit, to align the
clectrical component with the bonding area of the base
member,

wherein the look-through passage comprises a plurality of

slots radially arranged around the central axis.

2. The bonding apparatus according to claim 1, wherein
the plurality of slots are arranged with a same angle between
adjacent slots.

3. The bonding apparatus according to claim 1, wherein
the look-through passage comprises a first portion compris-
ing the plurality of slots and a second portion comprising a
circular aperture, wherein the second portion 1s nearer to the
optical unit than the first portion.

4. The bonding apparatus according to claim 1, wherein
the connecting unit comprises a plurality of central apertures
substantially aligned to form the look-through passage of the
bond head structure, wherein each central aperture has a
transverse width perpendicular to the central axis, and at
least two of the transverse widths of the central apertures are
different.

5. The bonding apparatus according to claim 4, wherein
the transverse widths of the central apertures decrease at
turther distances away from the optical unit.

6. The bonding apparatus according to claim 4, wherein at
least two of the central apertures of the connecting unit
comprise cross-sections with a same shape, wherein the
cross-sections are perpendicular to the central axis.
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7. The bonding apparatus according to claim 4, wherein at
least two of the central apertures of the connecting unit
comprise cross-sections perpendicular to the central axis
with different shapes.

8. The bonding apparatus according to claim 4, wherein
the bond head collet comprises at least one fiducial aperture
that 1s substantially aligned with the central apertures of the
connecting unit to form the look-through passage of the
bond head structure.

9. The bonding apparatus according to claim 8, wherein
the at least one fiducial aperture comprises at least one
circular cut-out from the bond head collet that 1s aligned
with and slightly larger than one or more fiducial marks
formed on the electrical component that are viewable
through the central apertures.

10. The bonding apparatus according to claim 1, wherein
the electrical component comprises a surface including a
fiducial mark thereon, and the look-through passage 1is
configured to allow the optical unit to view and inspect the
fiducial mark directly through the look-through passage
above the bonding area.

11. The bonding apparatus according to claim 10, wherein
the look-through passage 1s configured to allow the optical
unit to view and ispect the fiducial mark such that a
boundary of the look-through passage 1s arranged at least
partially around the fiducial mark.

12. The bonding apparatus according to claim 10, wherein
the look-through passage 1s configured to allow the optical
unit to view and inspect the fiducial mark at an end of one

of the plurality of slots.
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13. The bonding apparatus according to claim 10, wherein
the fiducial mark 1s a first fiducial mark and the surface of
the electrical component includes a second fiducial mark
thereon, and wherein the look-through passage 1s configured
to allow the optical unit to view and inspect the first and
second fiducial marks of the electrical component through
different slofts.

14. The bonding apparatus according to claim 1, wherein
the connecting unit comprises an adaptor member to which
the bond head collet 1s attached and an actuating member
attached between the adaptor member and the actuator unait.

15. The bonding apparatus according to claim 1, wherein
the connecting unit comprises a heating unit configured to
provide heat during bonding of the electrical component to
the bonding area of the base member.

16. The bonding apparatus according to claim 15, wherein
the heating unit 20 comprises a plurality of heating elements
arranged along a boundary of the look-through passage.

17. The bonding apparatus according to claim 16, wherein
cach heating element 1s arranged between adjacent ones of

the plurality of slots.

18. The bonding apparatus according to claim 17, wherein
cach heating element comprises a first edge substantially
parallel to one of the slots between which the heating
clement 1s arranged, and a second edge substantially parallel
to the other one of the slots between which the heating
clement 1s arranged.
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